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SPECIFICATION 
InlMlation pharmacvuticals 

5 This Invention relate, to a novel form of drug and to methods for P'°?""i°" . ^ 

In our British Patent No. 1.122.284 we have described and cla.meo an .nsuHlator device for use m the 
.dn,rnl.tration of powdered medicaments by inhalation. With that device, '^^^^'^l'^'?^*-^,^^^^^^^ . 
de«:ribed in British Patent Specification No. 1.331.216. and European ^^P^" ^o,^^ 

u.er inhales air through the device which causes a powder container mounted therein to rotate. Powder 

,0 wZin rh?cont-in.r"?flu^^^^ dispensed into the air stream which is inhaled by the user For op imum 10 

" ri^Jlnlg U haT^^^n found that the powdered medicament particles should be ~'"P»'-«^«'V j^"" "J^^"" 
aXet should have an ultimate particle sire of less than about ten microns to ensure adequa e P«"«'.«''''" 
oMhrmJ^icament Into the lung, of .he user. These .wo requirements are p./ma -''"X^n'^^^r.'! this 
«ince such fine oowder. are not usually suMlcientty free-flowing. 1. ha. In the past been found that thi. 

,5 problem cJ^'Sated or overcome", e.g. a, de.cribed in US Patent ^ ^^^fjf ' 'r^iirfttr 
medicament into .mall .oft pellets or .oh granule.. Both .of. pe let. and soft 

satisfactorily within the container and ye. are of suHlclently low internal coherence to break up into finer 
pa" c el o mt^cament of a therapeutically effective sire in the turbulent •'-•-X?:" " o^a^ul« t.'So.h 
th« container However the procedure of forming the micronised drug into soft pellet, or granule. I. both 
20 di;:r .nd%x7erv: An%':terna,ive mean, of getting the fine ^''^^l^^^^j;;^;^^^^^^^ 

ha. bean to mix them with a coarae carrier, e.g. coarse lactoae (see US Patent No. 3,957,965). «ow»ver wnn 
oh^mace^^calt U Is de.irable to use a, pure a form a. possible iinteralia to avoid any possible adveree 



Ihe lung ha. p^^sen.ed a problem which has only been capable of resolution by means of complex 
40 We'tave'now found particle, which can penetrate deep into the lung and yet which are »"^«'«";'V 

inhaler at both low and high air flow rates, thu.. in certain circums ances, 

emptying Furthermore we have found that the now particles can. in general, be coarser «han those of the 
45 ;Z a" whiCiving an equivalen. proportion of particles capable of P'^^'^'-S^^^P^X^u^^^^^ 

50 opened capsule In an inhalation device. divided and unagglomerated form, wherein a 

both .ides of tha sphere appear to have P"»"*° '"r'' middle or may have a thin membrane 

„r»';nc\rn'^^^^^^^ 

in .n air ..ream and to flow readily on cap.u e r.ll.ng ^fl^,;,^ ^^Z^c^'suo^^ «, .ha. .hey do no. 
have .harp or broken edge., and for the particle. '•;"7/^^%'7„7h'^ru;o ^„fcr to avoid hollow 

80 b<-k during ,n«p«....ian or on .he.r P"*^'! "^.V" ^p^^.^y wht, .he drug i. .Odium 
.net. pwtiCe.. we particularly prefer 'f"^'^ *" I^l^^o the part^ee '* unrelated .o particle .i»e. We 
cromoglycate. to be toroidal in shape. In general rtiape of ,ela.iveW noo-porou. and are 

foond .ha, in ^-"^'"^^ ^XTo^^h^^. inv«,.ion 
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are strongly differentiated from the prior art micronised material. A low particle density In the material is 
indicative of fragile particles and is, in general, to be avoided. We piwfer the particles to be as uniform as 
possible in all respects. j i. . i. i 

The surface texture of the particles will vary according to the particular drug concerned and the techniques 
5 used to produce the particles, and can vary from a highly convoluted (brain lilcel structure to a random fluffy 6 
or to a smooth texture. In general we prefer to avoid highly convoluted surface textures. 

The roughness of the surface of the particles can be determined by measuring the total surface area of the 
particle by the Brunauer. Emmet and Teller (BET) method (British Standard 4359 (1969) Part 1) and 
comparing this with the envelope surface area of the particles as measured by permeametry (Papadokia M. 
10 (1963), Rev. Mater. Construct. Trav. 570, 79-81). . ^. „ , , « ^ 

We prefer the permeametry : BET ratio to be in the range 0.5 to 1 .0. preferably 0.6 to 1 .0 and more 
preferably 0.7 to 0.97 (note a ratio of 1.0 represents a perfectly smooth particle). By way of contrast prior art 
micronised drugs, e.g. micronised sodium cromoglycate, have a permeametry: BET ratio of about 0.32. 

We prefer the particles of the invention to be as strong and as dense as possible. The particle density of the 
15 particles (as oppossed to the bulk density) may be measured by , ^ ^, , 

a) the petroleum ether method in which a known weight (25g> of powder Is weighed Into a measuring 
cylinder, a known amount of petroleum ether (50ml) is added and the mixture shaken unt.l all the powder Is 
suspended. The inner walls of the measuring cylinder are washed with a small amount of petroleum ether 
(10ml). Knowing the weight o( powder used, the volume of petroleum ether added and the fmal suspension 

20 volume, the particle density can be calculated, or . . _,. ^ ^ . u.-.. i. 

b) the air pycnometer method In which a given amount of powder is placed in a chamber which is 
hermetically sealed. The volume of the chamber is gradually reduced by a moving piston until a specified 
pressure is reached. The position of the piston indicates the volume of the powder particles, hence the 

particle density can be calculated. . . ^ . ^- « 

25 We prefer the particles, e.g. of sodium cromoglycate, to have a particle density according to the above 25 
methods of from about 1.3 to 1.7 and preferably from 1.3 to 1. 6 g/cm . ,„ „, .h«..i n 91 

The micronised material, e.g. sodium cromoglycate. of the prior art has a loose bulk density of about 0.21 
Q,cm' and a packed bulk density of about 0.29 g'cm\ In measuring loose bulk density a suitable aniount of 
powder (40g) is poured, at an angle of 45", into a measuring cylinder (250ml). The 
30 powder in the measuring cylinder when related to the original mass of powder P^^^'f » ''^^ ^^^^ 
• loose bulk density". If the powder, in the cylinder, is tapped or |olted. e.g. using the Engelsmann Jolting 
Volumeter until a stable volume is attained (500 jolts) then the lower volume after jqlting when compared 
with the original mass of powder provides the measure of "P«<=''«*1^""' ' . . „, ... ,„ 
It is also known, e.g. from British Patent Specification No. 1,549,229 that hard granules of sodium 
15 cromoglycate of particle size 60 to 200 microns (measured by sieving) can have h^her bulk densities than 
'he micronised material. However theso hard granules were not designed for, and indeed would be 
unsuitable for, inhalation. Surprisingly we have found that the particles of the P^«»f °" " 
higher bulk density than micronised material, e.g. micronised 'o^i""" "<>'"<>fl'V"«?- P'^^^^ 
of the present invention to have a loose bulk density of greater than about ° l^'C"y'.pre1er^^^^ 
40 than 0 36 g.'cm', more preferably of from 0.35 to 0.5 g/cm^ and most preferably «° ° *f' tk„ h ik 
packed bu^k density of from about 0.4 to 0.75 g/cm^ and preferably of from 0.65 to 0 6g.'cm' T^^^ ^"'^ 
densities of materials are, in general, relative independent of the particular material used, but are dependent 
on the shape, size and si/e distribution of the particles involved. «i„..„H»HW 
We prefer the particles of the invention, when they comprise sodium cromoglycate and are '"'f 
45 admir^stration as a dry powder in, for example, a gelatine capsule to have a moisture ' //J'^^ 

and preferably from 8 to 1 1% w/w. Before filling into the capsule the powder will tend to be at '^e lower e^d 
of the moisture range, and after tilling to be at the upper end of the range. Sojl-um cromog ycate pow^^^^^^ 
according to the invention may also bo made containing very low, e.g. less than 1%, or preferably 
0.5%. w-vi, quantities of water. These very dry powders may be used in P'«*""»«' "7°''°' "'"^^^^^^^^ 
50 The water conttents in this specification are those measured by drying a small sample (1 to 2g) for 15 hours at 
105'C in a vacuum oven (less than 6 mm Hg) in the presence of phosphorus pentoxide. 

Examples of suitable medicaments include those used for the inhalation treatment of allergic a.n^ay 
diseases such as pharmaceutically acceptable salts of 1.3.bis(2H:arboxychromon-5-yloxy)propan-2-ol 
bronchodilators, e.g. i«>prenaline, salbutamol, fenolerol, terbutaline, reproterol etc and salts P* •"Von« 
55 Thereof; antibiotics'e.g. tetracyclin.; steroids, e.g. b«:lometha*one •^iP'PP'P^t!:;.""'^^^"^'"^^^^^ 
.ntihi^amines. If desired a mixture of medicaments, for example • mixture of sodium «=~'"P«^" " 
broncholdilator. such i«,pren.line, terbutaline. fenoterol, reprotero or " «' '^^^^^^^ 
us«f. Where a highly active m«lic*ment is used which requires a small unit P"'*' ~ 

^comprise th; .rtive ingr«Jieot together with a «iitabl. diluent. - 9- '»clo«s. T"^' '""^;»»'«"°' 'j^? 
80 diJITennn the particle avoid, the po.«bilitv of K^regation which is possible when individual fine particle, of 
active ingredient are used with separate coarse particles of diluent „- „» i-„ than 

W. prefer that at le«« 50% by weigh. .• . preferably more than 90%. of '''•^~« P»'*^«"'"',^X 
60 micron., more preferaWy of less than 40 microns, most preferably of less » 
of le.* »h«, 10 microo.. ..g. lew lh.n 8 micron, in diameter. We part««l.r»y ^'•''^J^.r, 
66 to b. of 2 to 6 mtoon. in dimeter. In genera, the «n.ll«r the m«. me*. d.«nefr of the ,T»t«,.l 
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th« higher will b« the dispersion of the materiel as measured by the test of Example A(a). 

Material according to the invention, e.g. sodium cromoglycate. having a median diameter of from 10 to 15 
microns can. because of the enhanced aerodynamic properties of the particles, be equivalent in emptying 
and dispersion properties (see Example A) to micronlsed (i.e. sub 10 micron) material which has been 
5 formed into soft pellets as described in US Patent 4.161.516 or blended with coarse lactose, as described in 5 
US Patent 3.957,965. ' ^. . mm 

The particle sizes in this specification are those measured with a Coulter Counter TA1 1 used In a standard 
laboratory environment, or the pipette centrifuge. In measuring particles sires with a Coulter Counter, the 
sample to be analysed Is dispersed in an electrolyte into which dips a glass tube. The glass tube has a 50 to 
10 400 micron hole through the wail thereof with electrodes mounted on either side of the hole In the tube wall. 10 
The tube is immersed sufficiently for the hole and electrodes to be submerged in the liquid. The suspension 
Is made to flow through the hole in the glass tube and as each particle passes through the onftce It displaces 
its own volume of electrolyte, thus changing the resistance across the hole. This change In resistance is 
converted Into a voltage pulse with an amplitude proportional to the particle volume. The pulses are fed to 
1 5 an electronic counter with an adjustable threshold level such that all pulses above the threshold are counted. 1 5 
By setting the threshold level at dlHerent values It is possible to determine the number of particles falling 
within given si/e ranges and thus the proportion of particles In a sample which fall outside a desired particle 
size range. The Coulter Counter measures the volume of a sphere having the same volume as the unknown 
material, i.e. it measures a volume diameter. ... ^ . ... -.i .u* u 7n 

20 In measuring particles by the pipette centrifuge (Christison Scientific Equipment Limited) the powder Is 20 
suspended in a suitable liquid (e.g. n-butanol). The suspended sample is put In a constant speed centrifuge. 
Samples are withdrawn from the centrifuge at selected time intervals. The level of solids in each »«mp e Is 
measured (normally by drying) and the average diameter calculated using an equation derived from Stokes 
Law (Particle Si/e Measurement Published by Chapman Hall 3rd Ed. Dr. T. Allen, page 377 et seq.). The 
25 pipette centrifuge measures a mass, or Stokes, diameter. ... ^ . o 

The Coulter counter (with a 100 micron hole) is able to measure particle sizes of from about 2 to 40 microns 
and the pipette centrifuge is able to measure particle sizes down to about 0.2 microns. 

According to the invention we also provide a process for the production of finely divided drug, which 
comprise, atomising and drying a solution of the drug and collecting some or a I of the P^^icles wh ch are 
30 below 60. preferably below 40. more preferably below 20 and especially below 10 microns in diameter. The 
particles are preferably of the sizes given above. ««w «»h-r inH..*trl«« 

Spray or flash drying of materials Is well established as a drying technique in the food and other Industries, 
but is scarcely used at all in the pharmaceutical industry. Thus "P^-V^^^'Vlng lyout.nely used m 
J. oduction of coarse particle products such as dried milk, instant coffee and dextran. The use <>^ »P «V ^^^^ 
35 echniques to produce very fine powders is not conventional and is unknown in the pharmaceutical ^eld the 
normal technique for producing such fine powders being to make and then "^^Y^^L^ '^^^^^^^^ 
The use of a spray drying technique is advantageous in that it is adapted to suit large batch productions, thus 
decreasing the amount of quality control required and also in that it may remove the need for 
recrystalisations and micronisation to get the drug into the desired form. 
40 Any suitable form of atomiser can be used. Atomisation results from an energy source a*^'^^" '^^^^^ ^ 
bulk. Resultant forces build up to a point where liquid break-up and disintegration o^J^^^^^f 
spray droplets are created. The different atomisation techniques available concern the 
forms applied to the liquid bulk. Common to all atomisers is the use of energy to ^^^a'^'^P ''^J^if 
Centrifugal, pressure and kinetic energy are used in common forms of atomiser. Sonic and ^'^^^^jP^ ^5 
45 atomisers are also used. Specific atomisers which may be mentioned include rotary atomisers ^-^J^^^^^ 
involving vaned wheels, vaneless discs, cups, bowls and plates: pressure atomisers, e.g. those involving 
pressure nozzles, centrifugal pressure nozzles, swirl chambers and grooved cores; kinetic energy or 
pneumatic atorr^isers, e.g. those involving two or three fluids, or internal or external mixing; sonic 
energy nozzles, e.g. involving sirens or v^histles. We prefer to use kinetic or pneumatic energy atornisers 
50 particularly two flSid iJressure or syphon or sonic nozzle atomisers. In general ""'^^ P^:,^^^^^^^^^ 

Tend to produce powders having more desirable characteristics then two fluid syphon nozzles and two fluid 
pressure nozzles also tend to give more reproducible results and use less energy. 
The Aiomiser can l>e used in a spray or flash drying apparatus. 
TI;:::,^i,"nro( operation of ,he.%par.tu.aod.,or,fleof .he «,lu,^^^ 
55 cJearlv not be «ich a. to doB'-Kle <»'"9. or introduce impurities, or biological contamination, into the 

'^'rhe .pray dryir^g apparatu. preferably compri)M«l the atomi«.r, a main chamber, one or more (e g. two) 
eyctene.. a bag filter and. if dealred or necewary to maximiM. recovery, a terminal wet .crubber or 
^ro««ic pLiprt^or. The particle collection .ytem i. "««"~,|^^«tj*^„VrXr^ or 60 

«0 part<cl.. and al*o to maKimi«e the yield. All over and under ..re matenal may be recovered and recycled or 

*^ the drug may be In «,y «i»tabt« .^t. e.g. water from a water ^''^'[^'^^■^^r^^^ 

conc«rtra«ion of the drug in the aoKrent may vary over a wide range, e.g. in the c.«, of K^ium cromofllycate 
from 1 to 25. pr.ferrt>»y 5 to 20. and ..peeUlty 10 to 1 5 % wV. In general we ^1;^^*^**^ ^ «5 
coneertratJTofdrufll. 
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thereby dimini»hed. To avoid po.sibia bloekafla o( tha atomiaation device and to avoid the incorporatlonof 
u„w.nC?mpuHtie. I. i. desirable to filter the .olu.lon Immediately before t i. pa..ed '^J^l'^^^^'^'-J^^^ 
particle siie of the product tend, to Increaie with concentration, but not rap.dly, and in general concentration 

l8 not conirollInQ with roipect to particle »ixe. k-, m.u u«r« « wid« ranoe K 

5 The temperature of the air inlet and outlet to the .pray drier main chamber ""f ^»'V * 
(.K. r.naa b«ina deoendent on the product belnfl dried, the :,olution through put and the final molature 
Sn, nuCi red) an'^^Jarbre ter^^rature. ma? be found to «iit each drug and «,lvent by •'-P" 
"MHment In ,h. ca.e of aqueou. .olutiont (of for example «)dium cromofllycate) we have found that an 
rr^lMter;.p^r.t!r. o? from 160- to 35(rC. preferably from 180- to 230-C. and an outlet temperature of from 

'° '°;h.^!^per.?urro?the Liu.ion to be fed to the .pray drier will vary wi.hthe drug and •«'v«"« » J*,^, 
u.ed In oeneral we prefer to um a temperature at which the .olutlon can be .tored 'or a ong period In large 
ba^hl. tithoul degradation. A. high a temperature a. po..lble comen.urate with ..ability i. de.irab.e to 
reduce .olution viKocity and provide energy to the drying proce... , ... „, ,oii.,|on to 1 6 

Th^ particle size of the product will be Mt by the concentration of the feed solution, the '••f «» 

splay drier, the mean, of a.omislng the «,lution. e.g. the type of a.omljer -"f J*)," ^^^^^^^ ".".^ 

solu^on to be dried, the temperature and temperature gradient within the d ier and, to a 
Mow ln"he d^er. Thi particle aize and air (ow will then dictate where the de.ired product .. collected and the 



" '"^eVarUc'lS of the product tend. .0 remain ••'''V,con...nt vvUh lipuid flow r^^^^^^^^^ rh^.^rgl,";' 

30 f -n? 

and appropriate air flow control devices may be used !f desired. n^.i/in hut ndanted to 

."r?". ™., mcO° m «ilB» Ih. ».g flit.. P-l—W • •"■^trf'^.'S* 

over and under siied material may be recycled or used for other purposes. cartridae Where it is 

The final product may be put up in any suitable form °« »"*='l«""Pf"'"^^^^^^^ ^„Zrs 

!he invenlion. e.g. of sodium cromoglycate and a bronchodilator. such as isoprenal.ne sulphate or 
tortbutaline sulphate, may be made and filled info suitable containers. 

Accord.no to our invention we also provide a method of application of a ^'t'^al^T^naW strMrT 
50 cromoglyca'.e.^o a patient by wey of ^.f ^^^p^^^^^^ the 

r::rrj;a.rardXre;'n°an^Tra~ 

may conveni-n«'V be produced by any one of a number of devices, e.g. the device of British Patent 

Specification No. 1.122.284. ..^ in oresaufised aerosoHormulations (together 55 

56 The particles according to the .nvent.onmay al«, be preferably with a surface 

wiih orooellanl gases, e.g. a mixture ot ivwj or more of propellents 1 1. iz ana 1 1-*. p >=o » p.,._, 
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weight unless otherwise ststed. 
EXAMPLE 1 

The active compound (A) was dissolved In s solvent, nor nrtslly water, to a concentration B (% w/v). This 
6 solution flowed under pressure or vacuunr\ to the atomiser. At the atomiser the solution temperature was 
normally greater than 50^. Conditions of atomlsatlon (C) and of dropiot drying (D) were preset and 
remained constant throughout the run. The powder was captured In the drying chamt>er. In two cyclones 
<firstty a Vantongeren Buell AC 130 cyclone of diameter 22 cm and height 74 cm and •econdly a high 
efficiency Stalrmand formula cyclone of diameter 14 cm) and finally In a bag filter which had " the firter 
10 media polytetranuoroethylene lined polypropylene. At the end of each run the contents of each collection 
vessel was weighed (E) and sized (F) (Coulter Counter Model TA1 1 ). 

Using a concentration (B) of 10% wAv in water, and atomlsatlon conditions (C) a pressure two fluid norzle 
(0.4mm orifice), a solution flow rate of ftSmI min" ' and an atomlsatlon pressure of 27 x lO'Kg m the 
15 results shown In Table 1 were ok>tained. 

Note • Electron micrographs (see Figures 1 to 4) showed. 
Salbutamol Sulphate • smooth spheres 
TertHJtalene Sulphate • "orange peel" spheres 

20 iToSlpX' V^^^^^^^^^ py,.n-2.B.dl«rbo^..C .C.d di«K..um ...t "or.og. p-." .ph,r,. 20 
with •urface crack* 

sSlumCromS'v^'"/ ) "douBhnol". .phwOT and other .etive IngredienUl coll.pwd .phere. ^ 

25 

25 b) Varying 0tom/sstion Techniques 

Active ingredient (A) • Sodium Cronrwglycate. 

Conditions used and results obtained are given in Tables 2 and 2a. 

Two fluid syphon nozzle • CT (London) Ltd. CT Type J1 A ie/50 (4mm orifice) 

Two fluid pressure nozzle • CT (London) Ltd. CT Type J 1 1 

30 Ultrasonic nozzle • Ultrasonic Ltd. 035 H Sonl«>re nozzle 30 

Swirl Air nozxie • Delevan Ltd - Swirl Air Nozzle Type 32163-1 

c) Variation of powder collection techniques 

I . le powder is collected in the drying chamber, cyclones and a bag filter. 
36 Active ingredient A • Sodium Cromoglycate. 

Conditions used and results obtained are given In Tables 3 and 3a. 

Powder Capture Equipment ...» 

Main chamber (MC) size - 13 cu ft (give metric equivalent) 

CvcloneA - Siairmand High Efficiency Cyclone (Diameter 14cm 

40 .SneB -Vantogeren Buell AC130 Cyclone (Diameter 22cm. Height 74cm) 40 

Cyclone C * Stalrmand High Efficiency Cyclone (Diameter 1 1 .9cm) 

Bag Filter (BF) - ^ 06 M' polytetrafluoroethylene lined polyester 

6) Variation of drop/et drying time ^. ^ , i . .ir i«i*t tAmn#*r«turf! the 45 

45 Droplet drying time is dependent upon both the temperature. u«^ in drying, i^ j" ^^^^^^^^^^^ 
fMidance time \n the drying chamber (normally this Is as a result off drying chamber size) and level of^^ 
Zt^^'o^^^^^ time can be chsnged by modifying the drying air flow rate ^ut tWs rcjj^ in 

TiJ^ificant change in efficiency of capture within the latter cyclorjes. Table 4 

condition, used. Increased residence time (i.e. slovirer drying) produced improved pertlcles with Improved ^ 

"^^^rrllicrooraph^ of a selection of the above powder, are shown in the accompar^lng 
1 1 .^12 are elertr<Krmicfograph. of. respectively pelletlsed sodium cromoglycate. and mwronlsed sodium 
cr^i^e l^^ ZlZi f^co^^n purposes onhr- In each of Figures 1 to 12 the magnification 
and an approximate scale Is given. 
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^'ttJ SLnrntnt WM carried out uslnfl • .pray drier which had a main chamber and a tingle cydone. (Main 
chamiraW, cyclone Stalmiand Hlih Efficiency deaign with diameter 11 9nr,m). Atomlaation wa. 

itZL uaing a ^ fluid pre.«ir. ««.le with orifice dlam«.r O "**;"";- j?,"^^^^^^ b 
fi eromoalvcaiefeedaolutlonconcentratlonof 16%w/v.Bnalrflowrateof0.034M»« ' and other condlMona 
t^n^WaMh^«~lt. .hown In Table. 6, 6a and 5b v. obulned. Table 6b give. t«t reault. when 
i!!l^«wdeA produced according to thia Example have been filled Into hard gelatine capaul... 

TABLE 6 ,0 
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AtomiMtlon Conditions (C) 


Drying Conditions (D) 


Powder Recovered E/F 






Run 


Solution F««d 


Atomis«tlon 


Inlet 


Outlet 


Main 


Cyclone 




1ft 


No. 


Rate 


Pressure 


Temp 


Temp 


Chamber 




16 






LiNlO"' 


Kgm-'xIO^ 


•c 


•c 


%/Micron Volume Median 
Diameter 




20 


40. 


1.33 


27.6 


190-200 


70-60 


33/- 


67/13.0 


20 




41. 


1.58 


21.2 


220-230 


86-95 


40/- 


60/14.7 






42. 


1.43 


25.4 


195-200 


80-90 


20/- 


80/13.8 


25 


25 


43. 


1.50 


24.0 


195-204 


76-85 


33/- 


67/13.7 






44. 


1.58 


22.6 


190-200 


70-80 


36/- 


64/14.0 




30 


45. 


1.50 


24.0 


196-206 
TABLE 


80-90 

5e 


34/- 


66/16.6 


30 


35 




Test 




Powder data 
Run Number 
40 41 42 


43 


44 45 


35 






Moisture % wAw 




8.8 9.7 


8.4 


9.8 


9.8 9.5 


40 


40 




Part$cf0 SUe: 

Volume median diameter microns 


13.0 14.7 


13.8 


13.7 


14.0 16.5 




45 




% w/w 6 microns 
%w/w 30 microns 




10 8 
4 7 


9 

8 


8 

8 


8 7 
8 15 


45 






Loose Bulk Density g/cm^ 


0.39 0.38 


0.39 


0.38 


0.36 0.37 








Packed Bu|k Density g>cm' 


0.58 0.56 


0.58 


0.57 


0.67 0.59 





13 



GB 2 105 189 A 



13 



TABLE 5b 



Capsu/e Dsta 



5 


Test 


Run Number 
40 41 


42 


43 


44 


45 




Moisture Content % wfw 














10 


Powd«r when In the captute 


12.1 


11.9 


12.2 


12.2 


13.3 


13.2 


Capeule shell 


13.9 


14.2 


13.3 


13.5 


13.1 


13.0 




Totel mg/cepftuie 


11.8 


11,9 


11.9 


11.6 


11.6 


11.5 


IS 


emptying Tmst % wfw 
/S#e Exampfe At) 
Mean 


95.4 


96.4 


97.1 


97.2 


97.4 


96.2 




flange 


87.3-99.1 


92.6-99.3 


93.M00 


95.5-98.9 


92.7-100 


94.3-98.2 


20 


DIapersioo mg/capftule 
(See Example Ac) 


5.32 


4.03 


4.74 


4.97 


4.28 


3.12 



10 
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EXAMPLE 3 

26 Pressure norih ^ ^ , t t 

The trial wat carried ool uting a apray drier having a main chamber and a tingle cyclone, 
thia experiment was uaed to demonatrale that the preaaure nor/le waa capable of providing amall 
particlea and eatabllthing the order of magnitude of preaaure required to produce particles with an average 
maaa mean diameter of leas than 10 microns. An atomiser pressure of 2.1 x 10* Kgm"'. a feed concentration 
30 of 6% w/v of aqueous sodium cromoglycate, an air inlet temperature of 230*C and an air outlet temperature 
of 120-C was used. The resulting powder had particles of siie 1 1 microns mass moan diameter with a particle 
built density similar to that of mlcronlsed powder, but with a tapped bulk density twice that of mlcronised 
powder. The powder was satisfactory In the capsule emptying test. 
The appearance of the powder under the light microscope was of uniform spheres or collapsed spheres 
35 with negligible fractured particles. 

EXAMPLE A ^ . «o 1 

The drug is dispensed from a gelatine capsule 6.4 mm in diameter and having two holes 0.8mrn in 
diameter In a shoulder thereof mounted in a device (commercially available under the Registered Trade 
40 MarV 'Spinhaler') according to British Patent No. 1J 22.284 having a drawn wire shaft 2;p3mm ' ■^"[leter 
lournalted in a hard nylon bearing lube 13mm long and having an internal diameter of 2.08mm at its inner 
end (i.e. that end housing the free end of the shaft) and of 2.44mm at its other end. 

The particles are preferably such that when put up in gelatine capsules 6.4mm in diameter each containing 
20mg of the particles they meet the criteria set out in the tests below: 

46 

(a) Dispersion test . • 

The filled capsules are mounted in the capsule holder of the powder insufflator (having the specific 
dimensions set out immediately above) of British Patent Specification No. 1.122,284 and pierced to produce 
two holes of 0.8mm diameter In a shoulder of the capsule. The dispersion of the medicament in the cloud 
SO delivered by the insiifflator is determined using a n^odlfied version of the multistage liquid impinger 

described in British Patent Sp^aficatlon No. 1 .081 .881 . The modifications incorporated in the present des gn 
are the addition of an extra Impingement stage, and of a glass tube with a right angled bend approxmiately 
mid way along iu length. The extra impingement stage was added prior to the three stages described in 
BrHlah Patent Specification No. 1 .081381 arnJ consists essentially of a jet of internal d.arneter 2.6cm and a 
56 collectkKi plate of dlarmrtef 6cm designs! to flive an effecthre cutoff of ap^^^^ 

flow rate 80 litres per minute. The glaea tube, also of internal diameter 2.5cm aborts the external end of the 
let of tt>e extra stage. The Insufflator Is Inserted into the upper, horizontal end of the glass tube and air drawn 
through at 60 litrea per minute for 30 SM^onda. At least five capsules are treated in tSiis manner 

are averaged. The weight of the m^licament collected on each stage of the Impinger. on the Ol»»« 
O tube and on a filter paper poattioned after thm final stage is determined spectrophotometrically after solution 
In an appropHatevofume of dletHI«J water lor by any other appropriate method). ^ ^ , 

The particles dIspereeartlafactortlyW an averi' > local for each capsule of at ^•^^-^r^'^^^^^^ 
teeet T^timg and moat pr^r a bly at la— t &.Onr>fl o# the particles are found on a combination of the last two 
stages and fffter paper of the rmiltl-staoeliquki {mpinger. 
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^''VhTC caXla. are mounted in ihe cap.ule holder of the powder Insufflator (having the BPeclfic 

10 at leaftt 90% by weight of the material ha» emptied from each capiule. 
(c) Dispersion 

particles were of toroidal (ring doughnut) shape. 
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25 CLAIMS 

doughnut shape. , «»«<»fr^/- rpt ratio as hereinbefore defined. Is in 35 

35 4. A finely divided inhalation drug, wherein the permeametry . BET ratio, as neremoeTo 

the range 0.5 to 1.0. . • m no^in 

5. A drug according to Claim 4, wherein the ratio is from 0,6 o ^ .0. 

12. A drug according to any one of the preceding claims having a packed bulk density 
° '?''XLg cornprising «,dium crornofllyca... wherein more .h.n 90% of 

-rTa^rg&-r.^^^^^^^^^^ " 

"rr£ro:d!;^« 

"F:£SEsB:;:n?orrmr^^^^^^^^ - 

''^r'^A^'dl^g t^xordino to Claim 17. which contain. than 0.5% w/w of water 
l5' A tZl I^rdinS to any one ol the prec^ling claim, which compr.«». a mixture of «d.um 

"«'^A^,S':;t>'rd':.;^'^ofthepr^^^^ ~ 

'%rAS^t^rdTr^;rcT.rm20.wh. .in«.ea,«50%of.h.drugp.rtWe..r..e«,h«,40mic.on..n 
*^Adrug.c*o.ding.oa.im21.wh.,.in.,..-.tS0%of,h.dr„«p.rticl«.re.e~«»«»20mSc^ ^ 
<fUme<*r. 
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23. A drug according to Claim 22, wherein at least 50% of the drug particles are less than 10 microns In 
diameter. 

24. A drug according to Claim 23, wherein at least 50% of the drug particles are less than 8 microns In 
diameter. 

5 25. A drug according to any one of Claims 20 to 24, wherein more than 90% of the drug particles are of 5 
the diameter specified. 

26. A drug according to any one of the preceding claims, wherein at least 50% of the particles are from 2 
to 6 microns in diameter. 

27. A drug according to any one of the preceding claims containing drug and water only. 

to 28, A drug according to any one of Claims 1 to 26. wherein the individual particles contain both drug and 10 
diluent. 

29. A drug according to Claim 1 and substantially as hereinbefore described in any one of Examples 1 to 

3. 

30. A drug according to Claim 1 and substantially as shown In any one of Figures 1 to 10. 

15 31. A capsule or cartridge which Is filled to less than 80% hy volume with a drug according to any one of 1 5 
Claims 1 to 30. 

32. A pharmaceutical formulation comprising a drug according to any one of Claims 1 to 30. 

33. A process for the production of a finely divided drug according to any one of Claim 1 . 2. 4. 13 or 14, 
which comprises atomising and drying a solution of the drug and collecting some or all of the particles which 

20 are below 60 microns In diameter. 

34. A process according to Claim 33. wherein the atomisation is effected by a two fluid nozzle atomiser or 
a syphon sprayer. 

35. A process according to Claim 34, wherein the atomisation is effected by a two fluid pressure nozzle, a 
two fluid syphon nozzle or a two fluid sonic nozzle. 

25 36. A process according to any one of Claims 33 to 35, wherein the atomisation and drying is carried out 25 
In a spray drying apparatus comprising an atomiser, a main chamber and at least one cyclone or bag filter. 

37. A process according to any one of Claims 33 to 36. wherein the drug is sodium cromoglycate and the 
concentration of sodium cromoglycate in an aqueous solution to be dried is from 1 to 25% w/w. 

38. A process according to Claim 37, wherein the concentration of sodium cromoglycate is from 5 to 

30 20%. . , 

39. A process according to Claim 38. wherein the concentration of sodium crornogtycale is from 10 to 

15%w/v. ^ ^ ' 

40. A process according to any one of Claims 23 to 39, wherein the air inlet temperature to the drymg 
chamber is from 160* to 350*C. and the air outlet temperature is from 70' to 250*C. 

35 41 . A process according to Claim 33 and substantially as hereinbefore described in any one of Examples 35 
1 to 3. 

42. A drug produced by a process according to any one of Claims 33 to 41 . 
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